This cross-sectional study examined dietary patterns, and the associations of these patterns with demographics, lifestyle, anthropometry and blood pressure in 3707 Chinese people aged 65 years and above taking part in a population-based cohort study investigating the risk factors for osteoporosis. Baseline dietary data were collected using a validated FFQ. Dietary patterns were identified using factor analysis. Scores were calculated for each pattern. Demographics, lifestyle factors and self-reported hypertension history were collected through a questionnaire. BMI, waist circumference (WC), hip circumference (HC), waist-to-hip ratio, systolic blood pressure and diastolic blood pressure (DBP) were measured. Three dietary patterns were identified, namely 'vegetables-fruit', 'snacks-drinks-milk products' and 'meat-fish'. Participants who were more physically active, more educated, non-smokers and non-drinkers were more likely to have higher 'vegetables-fruit' dietary pattern scores. Current smoking habit and alcohol use were associated with higher 'snacks-drinks-milk products' dietary pattern scores and 'meat-fish' dietary pattern scores. 'Vegetables-fruit' dietary pattern scores were inversely (unstandardised regression coefficient B = −0·60 mmHg, 95 % CI −1·04, −0·16) and 'snacks-drinks-milk products' dietary pattern scores were positively (B = 0·50 mmHg, 95 % CI 0·08, 0·92) associated with DBP in men in multiple regressions. Higher 'meat-fish' dietary pattern scores were associated with higher BMI (B = 0·19 kg/m 2 , 95 % CI 0·06, 0·33), waist-to-hip ratio (B = 0·004, 95 % CI 0·002, 0·007) and WC (B = 0·57 cm, 95 % CI 0·18, 0·97) in men, and higher BMI (B = 0·40 kg/m 2 , 95 % CI 0·22, 0·57), WC (B = 0·87 cm, 95 % CI 0·39, 1·36) and HC (B = 0·61 cm, 95 % CI 0·26, 0·96) in women in multiple regressions. The influence of demographic and lifestyle characteristics on dietary patterns and the health risks associated with dietary patterns provides insights for the provision of tangible dietary advice to this population.
Epidemiological studies have shown that the risk of many chronic diseases varies with diet. There is a wealth of evidence suggesting that dietary behaviour is an aetiological factor in the development of obesity and chronic diseases (1) (2) (3) , and mortality from chronic diseases (4) (5) (6) (7) . Since diet is a combination of long-term, multiple exposures of food and nutrients, this makes it difficult to identify the effects on individual dietary components on health and disease. The focus on a single nutrient or food group may be one of the reasons to account for the inconsistent results between diet and diseases (8, 9) . The independent effect of a single nutrient or food group can vary depending on the food that it is derived from due to interactions between nutrients or physical characteristics of foods (8) . In addition, the degree of independent variation of the nutrients is markedly reduced when these nutrients are entered simultaneously into a model due to high intercorrelation among some nutrients (10) order to understand the relationship between diet and the risk of chronic diseases.
Dietary pattern analysis has recently emerged as an alternative approach to examine the relationship between diet and the risk of disease (10) . It allows the examination of the whole diet, and dietary pattern represents a broader picture of food and nutrient consumption, and may therefore be more predictive of disease risk than individual foods or nutrients (9) (10) (11) . There has been an extensive body of literature on the dietary patterns of middle-aged adults. However, data on the dietary patterns of older people are limited (12) (13) (14) (15) (16) (17) (18) (19) and are seldom reported for the Chinese elderly population.
Using factor analysis, our group has identified four dietary patterns of Chinese adults in Hong Kong, namely 'more snacks and drinks', 'more vegetables, fruits and fish', 'more meat and milk products' and 'more refined grains' patterns, and found that the 'more vegetables, fruits and fish' pattern was associated with reduced risk and the 'more meat and milk products' pattern was associated with an increased risk of diabetes (20) . However, there is no information on the dietary patterns and their associations with health and diseases of Chinese older people in Hong Kong. This study therefore aimed to describe the dietary patterns of Chinese community-dwelling men and women aged 65 years and above in Hong Kong, and to examine the relationships between dietary patterns, demographics, lifestyle, anthropometry and blood pressure in this population.
Subjects and methods

Subjects
Subjects were participants of a cohort study examining the risk factors for osteoporosis in Hong Kong (21) . A total of 2000 men and 2000 women aged 65 years and above living in the community were recruited between 2001 and 2003 by placing recruitment notices in community centres for older people and in housing estates. Participants were volunteers and were able to walk or take public transport to the study site. They were recruited using a stratified sample so that approximately 33 % would be in each of these age groups: 65-69, 70-74 and 75+ years. Compared with the general population in this age group, participants had a higher educational level (12-18 % v. 3-9 % with tertiary education in the age groups 80+ , 75-79, 70-74 and 65-69 years) (22) . This study was conducted according to the guidelines laid down in the Declaration of Helsinki and all procedures involving human subjects/patients were approved by the Clinical Research Ethics Committee of the Chinese University of Hong Kong. Written informed consent was obtained from all subjects. A total of 293 subjects were excluded from the analysis due to incomplete demographic, lifestyle and dietary data, and missing anthropometric and blood pressure measurements. Data on a final sample of 3707 subjects (1945 men and 1762 women) are presented in this paper.
Demographic and overall health characteristics
A standardised, structured interview was performed to collect information on age, sex, education level, self-perceived social status, smoking habits, alcohol use and medical history. Data on self-perceived socio-economic status (SES) were included since psychosocial factors are important, in addition to material conditions, for determining health (23, 24) . Self-perceived SES was assessed by asking participants to place a mark on a picture of an upright ladder with ten rungs, with the lowest rung being the most undesirable and the highest the most desirable state with respect to their standing in the community (community ladder). This is a subjective measure of social status developed by the John D. and Catherine T. MacArthur Research Network on Socio-economic Status and Health, and has been associated with key health outcomes in various population surveys of different cultural and ethnic groups (25) . Participants were also asked to rate themselves by placing a mark on a picture of another ladder, the top rung representing people who have the most money, the most education and the most respected jobs, and the bottom rung representing people at the other extreme (Hong Kong ladder). The scores were dichotomised as high and low, using their median as cut-point (eight for the community ladder and five for the Hong Kong ladder). Information on the duration and level of past and current use of cigarettes, cigars and pipes was obtained. Smoking history was classified in terms of former smoking (at least 100 cigarettes smoked in a lifetime), current smoking and never smoking. Subjects were also asked about their alcohol use, and drinking status was defined as never, former or current. Since blood pressure was one of the main outcome variables, information on the presence of hypertension and the use of anti-hypertensive medications was obtained at baseline by selfreport of their doctors' diagnoses, supplemented with the identification of drugs brought to the interviewers.
Anthropometric data and blood pressure measurement
Body weight was measured to the nearest 0·1 kg with subjects wearing a light gown, using the Physician Balance Beam Scale (Healthometer). Height was measured to the nearest 0·1 cm using the Holtain Harpenden stadiometer (Holtain Ltd). BMI was calculated as body weight in kg/(height in m) 2 . Waist circumference (WC) was taken as the minimum circumference between the umbilicus and xiphoid processes and measured to the nearest 0·5 cm. Hip circumference was measured as the maximum circumference around the buttocks posteriorly and the symphysis pubis anteriorly, and measured to the nearest 0·5 cm. Waist-to-hip ratio was calculated as the waist divided by the hip circumference.
Blood pressure was measured after 5 min rest in the sitting position using a standard mercury sphygmomanometer (WA Baum Co. Inc.) by trained staff. The first and fifth Korotkoff phases were recorded as systolic blood pressure and diastolic blood pressure (DBP). The average of two readings was taken.
Physical activity assessment
Physical activity was assessed by the Physical Activity Scale for the Elderly (PASE) (26) . This is a twelve-item scale measuring the average number of hours per d spent in leisure, household and occupational physical activities over the previous 7-d period. Activity weights for each item were determined based on the amount of energy spent, and each item score was calculated by multiplying the activity weight with daily activity frequency. A composite PASE score of all the items was obtained. A higher PASE score reflects higher physical activity level.
Dietary assessment and dietary pattern derivation
Dietary intake was assessed at baseline using a validated FFQ developed in a population survey with participants aged between 25 and 74 years, the validity of which has been described elsewhere (27) . The mean nutrient quantification per day was calculated using food tables derived from McCance & Widdowson (28) and the Chinese Medical Sciences Institute (29) . The FFQ consisted of 280 food items. Each subject was asked to fill in the questionnaire -the food item, the size of each portion and the number of times of consumption each day and each week, using the 12 months prior to the interview as the reference period. Portion size was explained to subjects using a catalogue of pictures of individual food portions. For seasonally consumed vegetables and fruits, subjects were further asked about the months of food consumption over the past year. The amount of cooking oil was estimated according to the usual cooking methods of preparing a standardised portion of different foods. For example, 0·5 tablespoons of oil was estimated for 100 g stir-fried vegetables and 0·3 tablespoons of oil for 100 g steamed fish without sauce. Subjects were asked about the common cooking methods of preparing foods in the main meals. The amount of oil used was then calculated based on the usual portion of different foods consumed by the subjects.
To identify dietary patterns, individual food items from the FFQ were first aggregated into groups. A total of thirty-two separate food groups on the basis of similarity of the type of food and nutrient composition were formed. Some individual food items were preserved either because it was inappropriate to incorporate them into a certain food group (e.g. coffee, mayonnaise and tomatoes) or because they were suspected to represent distinct dietary patterns (e.g. preserved vegetables). The food groups were energy adjusted by dividing the energy intake from each food group by the total energy intake and multiplying by 100, and were expressed as the percentage contribution to total energy (11) . Factor analysis was conducted with varimax rotation using the thirty-two food groups (10) . Factors were retained based on eigenvalues greater than 1·0, a scree plot and interpretability (30) . The factor scores for each pattern were calculated for each subject by summing the intakes of food items weighted by their factor loadings. A higher score indicated greater conformity with the pattern being calculated.
Statistical analysis
Statistical analyses were performed using the statistical package SPSS version 16.0 (SPSS Inc.). Logarithmic transformation was applied to improve normality whenever appropriate. A test conducted for the interaction between each dietary pattern score and sex by linear regression indicated that the effect of dietary patterns on some health parameters was significantly modified by sex; therefore, the results are presented separately for men and women. Pearson's correlation was used to examine the correlation between each dietary pattern score and intake of different nutrients. Multiple regression was used to identify factors including demographics and lifestyle variables associated with each dietary pattern score, and to examine the association between each dietary pattern score and anthropometry and blood pressure with adjustment for age (years), PASE, daily energy intake (kJ), education level (no education, primary school, secondary school/matriculation and university or above), Hong Kong ladder (<5 v. ≥5), community ladder (<8 v. ≥8), alcohol use (never, past and current) and smoking status (never, past and current). The multiple regression model between each dietary pattern score and blood pressure was further adjusted for BMI (kg/m 2 ), self-reported history of hypertension (no v. yes), and the use of anti-hypertensive medications (no v. yes). An α level of 5 % was used as the level of significance.
Results
Dietary patterns in the study population
Factor analysis identified three dietary patterns of the study population ( Table 1 ). The first factor (vegetables-fruits pattern) that explained the greatest variance in the dietary data was dominated by a frequent intake of vegetables, fruits, legumes, soya and soya products. The second factor (snacks-drinks-milk products pattern) was characterised by a frequent intake of condiments, coffee, fast food, French fries, potato chips, nuts and milk products. The third factor (meat-fish pattern) included a frequent intake of dim sum, red and processed meats, poultry, fish and seafood.
In both men and women, total energy intake was weakly positively associated with each dietary pattern score. Similar associations of each dietary pattern score with nutrient intakes were observed in men and women (Table 2) . 'Vegetablesfruits' dietary pattern scores were weakly inversely associated with saturated fat, monounsaturated fat and polyunsaturated fat intakes, and weakly positively associated with intakes of carbohydrates, protein and cholesterol. In contrast, 'vegetables-fruits' dietary pattern scores were strongly positively associated with intakes of fibre and vitamins A, C and K and were moderately positively associated with intakes of isoflavones and most micronutrients. 'Snacks-drinks-milk products' dietary pattern scores were weakly inversely associated with intakes of polyunsaturated fat and vitamin K, and weakly positively associated with intakes of carbohydrates, protein, total fat, saturated fat, monounsaturated fat, cholesterol and vitamin D. While 'snacks-drinks-milk products' dietary pattern scores were also positively associated with intakes of fibre, most minerals and isoflavones, the associations were less strong than those with 'vegetables-fruits' dietary pattern scores. 'Meat-fish' dietary pattern scores were weakly positively associated with intakes of polyunsaturated fat and most micronutrients, moderately positively associated with intakes of protein, total fat and monounsaturated fat and were strongly positively associated with saturated fat and cholesterol intakes. The positive associations of protein, total fat and different kinds of fat and cholesterol with 'meatfish' dietary pattern scores were stronger than those with 'snacks-drinks-milk products' dietary pattern scores.
Participants' characteristics by dietary pattern scores
Mean age did not differ significantly between men (72·3 (SD 5·0) years) and women (72·4 (SD 5·2) years). There were significant sex differences in PASE, energy intake, self-perceived SES, education, smoking status and alcohol use (data not shown). Results of the multiple regression analyses examining the specific predictors for each dietary pattern score in men and women are shown in Tables 3 and 4 , respectively. In men, 'vegetables-fruits' dietary pattern scores were significantly positively associated with age, PASE score, energy intake and education level. Men who were never-drinkers and never-smokers were also associated with higher 'vegetables-fruits' dietary pattern scores. Men who had higher energy intake, higher education level and higher scoring in the Hong Kong ladder and who were current drinkers and smokers were significantly associated with higher 'snacksdrinks-milk products' dietary pattern scores. Men who had higher energy intake, received no education, and reported to be current drinkers were significantly associated with higher 'meat-fish' dietary pattern scores.
In women, 'vegetables-fruits' dietary pattern scores were significantly positively associated with PASE score, energy intake, education of primary and secondary school levels, higher selfperceived social status (community ladder), and being neverdrinker and never-smoker. Women who had higher energy intake, higher education level and higher scoring in the Hong Kong ladder and reported to be current drinkers and current smokers were significantly associated with higher 'snacksdrinks-milk products' dietary pattern scores. Women who had a lower PASE score and higher energy intake were significantly associated with higher 'meat-fish' dietary pattern scores.
Associations between dietary pattern scores, anthropometry and blood pressure Table 5 shows the multiple regression coefficients linking anthropometry and blood pressure to each dietary pattern score in both sexes. 'Vegetables-fruits' dietary pattern scores were significantly positively associated with BMI and inversely associated with DBP in men, and were inversely associated with WC in women in adjusted models. In men, 'snacksdrinks-milk products' dietary pattern scores were significantly inversely associated with waist-to-hip ratio and positively associated with DBP in adjusted models. In contrast, none of the health parameters was associated with 'snacksdrinks-milk products' dietary pattern scores in women in adjusted models. Higher 'meat-fish' dietary pattern scores were significantly associated with higher BMI, waist-to-hip ratio and WC in men and higher BMI, WC and hip circumference in women in adjusted models.
Discussion
In this study, we identified three dietary patterns using factor analysis, namely 'vegetables-fruits', 'snacks-drinks-milk products' and 'meat-fish'. This study also indicated the influence of demographic, socio-economic and lifestyle characteristics on dietary patterns, and suggested associations between different dietary patterns and health parameters.
Previous studies conducted in the Caucasian elderly population mostly identified two to three dietary patterns (13, 16,18,19,31-33) . Most of them called a relatively more healthy dietary pattern 'prudent', 'high nutrient-dense', or 'Mediterranean-style' and used 'Western', 'low nutrient-dense' and 'sweet and fat' for a less healthy pattern (14, 16, 18, 19) . As dietary patterns are culturally determined, comparing dietary patterns of the Chinese population with those of the Caucasian population is difficult. In contrast, the dietary patterns identified in the present study were close to those previously reported for the Chinese population. A 'meat-dim sum' dietary pattern and a 'vegetable-fruit-soy' dietary pattern were 
PASE, Physical Activity Scale for the Elderly. * The multiple linear regression model was adjusted for age, energy intake, PASE, education level, Hong Kong ladder, community ladder, smoking status and alcohol use. 
B, unstandardised coefficient; WHR, waist-to-hip ratio; WC, waist circumference; HC, hip circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure. * Model 1: built between one health parameter (dependent variable) and one dietary pattern score (independent variable) each time with an adjustment for age, energy intake, Physical Activity Scale for the Elderly, education level, Hong Kong ladder, community ladder, smoking status and alcohol use. † Model 2: further adjusted for BMI, self-reported history of hypertension and the use of anti-hypertensive medications.
identified in a population-based prospective study of 61 321 Singapore Chinese examining the association between dietary patterns and colorectal cancer risk (34) . The dietary patterns identified in our elderly population were also similar to those identified in Chinese adults in Hong Kong, namely 'more snacks and drinks', 'more vegetables, fruits and fish', 'more meat and milk products' and 'more refined grains' patterns (20) . The fact that diet habits differ across countries may be one reason for the different dietary patterns identified in various studies. The way to handle the food intake data in dietary pattern analysis may be another reason. While some studies used individual food items for dietary pattern analysis, others aggregated food items into food groups based on similar nutrient profiles to minimise the number of variables considered and reduce the within-person variation in the consumption of individual foods (33) . In addition, the results may differ depending on the dietary pattern methods used (11) and whether the food groups were energy adjusted for dietary pattern analysis (35, 36) . Our study confirmed previous studies that reported that dietary patterns were correlated with lifestyle factors and SES. In our study, participants with a less healthy lifestyle (i.e. less physically active, being a current smoker and a current drinker) were more likely to have a 'snacks-drinks-milk products' dietary pattern and a 'meat-fish' dietary pattern. These findings were consistent with the findings of previous studies (13, 15, 16, (31) (32) (33) (34) . Individuals with a relatively more healthy dietary pattern are prone to be more physically active (16, (31) (32) (33) .
Other studies also showed that smoking status and alcohol use were associated with a less healthy dietary pattern (15, 34) . Several studies have examined the relationship between dietary patterns and SES; however, the results were inconclusive (13, 14, 16, 31, 34) . Most studies used the objective measures of SES only. Our study included both the objective and subjective measures of SES. Multiple regression analyses in the present study suggested that education level (the objective measure) was related to dietary patterns in both men and women. In addition, higher rating of the Hong Kong ladder (the subjective measure) was associated with higher 'snacksdrinks-milk products' dietary pattern scores in both sexes. In contrast, a positive association of the community ladder (the subjective measure) with the 'vegetables-fruits' dietary pattern score was only observed in women. The Hong Kong ladder is more related to occupation, education and income. The consistent associations between education level and dietary patterns as well as the positive associations between the Hong Kong ladder and selected dietary patterns in this study therefore suggested that dietary patterns may be more closely related to occupation, education and income than social ranking per se. Our findings are compatible with observations from other studies, showing that lower SES was associated with relatively less healthy dietary patterns (13, 16, 31) . A healthy lifestyle may also be more related to knowledge, and the ability to act on the knowledge, of a healthy lifestyle as a result of better education and income (24) . Our study showed that DBP was inversely associated with 'vegetables-fruit' dietary pattern scores and positively associated with 'snacks-drinks-milk products' dietary pattern scores in men. Similar associations were observed in women although the associations were not significant. The inverse association observed between 'vegetables-fruit' dietary pattern scores and DBP is consistent with other investigations examining the relationship of dietary patterns and the risk of hypertension or blood pressure (37, 38) . A cross-sectional analysis of dietary patterns and the metabolic syndrome in 773 elderly subjects from the Adventist Health Study revealed that a vegetarian dietary pattern was associated with a more favourable profile of metabolic risk factors including blood pressure and a lower risk of the metabolic syndrome when compared with a nonvegetarian dietary pattern (37) . In a clinical trial that investigated the effect of a diet rich in fruits, vegetables, low-fat dairy products with reduced saturated and total fat in 459 adults with an average systolic blood pressure of less than 160 mmHg and a DBP of 80-95 mmHg in the USA, such a diet reduced the systolic blood pressure and DBP by 5·5 and 3·0 mmHg, respectively, compared with a control typical US diet (39) . Several biological mechanisms may explain the beneficial effects of a 'vegetables-fruit' dietary pattern on blood pressure. It is suggested that flavonoids in vegetables, fruits and legumes exhibit cardioprotective properties, including anti-oxidant and anti-inflammatory effects and induction of apoptosis (40) . Moreover, the 'vegetables-fruit' dietary pattern was characterised by rich sources of Mg, Ca and K. Clinical and epidemiological studies have suggested that these nutrients have vasodilation properties and thus may reduce blood pressure (41) (42) (43) . In contrast, the positive association between 'snacks-drinks-milk products' dietary pattern scores and DBP in men was less easy to interpret since this pattern is composed of healthy and unhealthy food groups. In comparison with the 'vegetables-fruit' dietary pattern, the positive association of this pattern with intake of fibre, most minerals and isoflavones was less strong. These findings may partly explain the positive association between 'snacks-drinks-milk products' dietary pattern scores and DBP in men in the present study.
Our study showed that the 'meat-fish' dietary pattern had the greatest influence on obesity indices in elderly men and women compared with the other dietary patterns. Some studies did not find any association between BMI and dietary patterns (13, 31) , while others showed mixed associations (32, 33) . The 'meat-fish' dietary pattern identified in the present study was characterised by a high intake of dim sum, meat, fish, seafood, wine, protein, fat and cholesterol and a low intake of vegetables, fruits and fibre. Epidemiological evidence generally suggested that such a dietary pattern that was relatively high in animal foods, total fat and saturated fat and low in plant foods and fibre was associated with a greater risk of abdominal obesity (44) , greater gains in BMI and WC (45) , and a less favourable biomarker profile for obesity and cardiovascular risk (46) . In recent decades, one of the main problems faced by the ageing population in Hong Kong is the disease and disability burden from non-communicable diseases such as hypertension and stroke (47) . Our study and other investigations have shown that a diet rich in vegetables and fruits could possibly help reduce blood pressure and the risk of hypertension. Moreover, our data suggested that a diet dominated by frequent intake of dim sum and meat increased the risk of obesity. The influence of demographic and lifestyle characteristics on the dietary patterns observed in this study also provides insights for the provision of tangible dietary advice to Chinese community-dwelling older people in Hong Kong. For example, less healthy dietary patterns are more common amongst older people of lower education level; this has implications for health promotion in this target group. Our findings also highlight the importance of considering variations in physical activity level, smoking behaviour and alcohol use while addressing the quality of the diets of older people.
The strengths of our study included a large population of older men and women living in the community and the inclusion of the subjective measures of SES. However, our study had several limitations. First, our study was crosssectional in nature, and thus the causal relationship between dietary patterns and various health parameters could not be determined. Second, a common criticism of dietary pattern analysis is that collapsing the primary data into a smaller number of items is an inherently subjective procedure (48) . To overcome this problem we followed widely accepted rules for choosing the number of factors to be retained (30) . Third, our sample was of a higher educational standard compared with the general Hong Kong population. Therefore, the results may not be generalised to the general population.
In conclusion, our study identified three dietary patterns of Chinese community-dwelling older people in Hong Kong, namely 'vegetables-fruits', 'snacks-drinks-milk products' and 'meat-fish'. Individuals with a less healthy lifestyle and of lower SES were more likely to have less favourable dietary patterns, and this may possibly lead to higher DBP and a greater risk of obesity. The influence of demographic, socio-economic and lifestyle characteristics on dietary patterns in this study provides insights for the provision of tangible dietary advice to Chinese community-dwelling older people in Hong Kong.
